A biomaterial based photocatalytic composite, hydroxyapatite-TiO 2 -ZnO (HAp-TiO 2 -ZnO) has been developed following a solid-state combustion method while its efficacy was investigated through the photodegradation of (i) aquatic solution of synthetic dye, methylene blue (MB); and (ii) real textile dye effluent. The degradation profile was explored considering several factors, e.g.: (i) initial dye concentration; (ii) illumination span; (iii) dose of photocatalyst; and (iv) pH of targeted dye solution. The photodegradation was performed in both indoor and outdoor environment using halogen lamp (500 W) and sunlight respectively. Observed photodegradation revealed that though the photocatalytic composite effectively decomposed methylene blue at various extents under different experimental conditions but a dose of 0.5g photocatalyst/100 mL substrate solution (10×10 -6 M methylene blue solution at pH 4) expedited optimal degradation (~ 97%) at 2 hours' time interval. On the other hand though it was possible to degrade the textile effluent to some extent by illuminating through halogen lamp and sunlight but the success rate did not exceed 50%.
Introduction
Treatment of dye effluents has received significant attention as one of the prime concerns to the researchers, particularly dealing with environmental issues.Since the last three decades, researchers are stringently working to explore this area and development of an effective, sustainable but environment friendly treatment method is always on the top of the list. Concerning these facts, semiconductor mediated photocatalytic approach which is simply triggered by a UV source is rated as the most effective degradation pathway for the destruction of a wide variety of pollutants (Umar et al., 2016; Ahmed, 2013) . The reason behind getting such attention is the high competency and easy-to-use operating procedure of photocatalytic process over the traditional biological and physico-chemical methods,e.g.adsorption, membrane filtration, coagulation, reverse osmosis, air stripping etc. (Ahmed et al., 2011; Kabir et al., 2012) However, among the semiconductors, due to their high photosensitivity, large band gap and non-toxic nature of bare TiO 2 and ZnO, have already used as photocatalysts (Ahmed, 2013) . In addition to single formatted photocatalyst, recently composite or hybrid format of photocatalyst have been explored by the researchers (Guanghong et al., 2011; Juan et al., 2013; Laila et. al., 2015; Nathanael et al. 2010; Ning et al. 2009; Shariffuddin et al., 2013; Yao et al., 2017) as a better option. Ca-hydroxyapatite (HAp) which is rather well-known as biomaterial has recently been using with TiO 2 to develop hybrid photocatalyst with better performance. The reason for using HAp with photocatalyst is the formation of charged O 2•− species (Nishikawa, 2004) upon UV irradiation of HAp and these O 2•− species can then react with liquid/gaseous molecules of pollutants causing decomposition. Dye and pigments are an imperative source of water pollution as these are extensively used in textile, plastic, paper, leather and food industries. Globally over 7x10 5 tons of dyes are produced in a year which causes serious pollution as 15% of produced dye is lost during the dyeing process (Yogendra et al., 2011) . Dyes can easily contaminate surface water through their discharge from the dye-manufacturing plants, plastic industries, textile plants, etc. Such contaminated colored water is of course undesirable for both human and aquatic lives. However, *Corresponding author e-mail: shanta_samina @yahoo.com, zenefar@gmail.com Efficacy of biomaterial based photocatalytic composite in treating dye pollutants M. M. Rahman 1 , S. Ahmed researchers throughout the world have put their effort to degrade the dye-stuffs and so far, a number of dyes have been treated photochemically. Among the synthetic dyes, MB which is a cationic dye (structure: Fig. 1 ) used for coloring papers, dyeing cotton wools and so on, has been subjected for many photodegradation study. Indeed as a model dye pollutant it gets the first option to the researchers to be used in photodegradation study.
However, in order to explore the research in the field of photocatalysis, previously we have developed a hybrid photocatalytic material (HAp-TiO 2 -ZnO) (Alim 2016) using hydroxyapatite which was directly prepared from eggshell. In this present research work we have attempted to optimize the efficiency of that biomaterial based HAp-TiO 2 -ZnO composite through investigating the photodegradation profile of MB and real textile effluent.
Materials and methods
MB, analar grade di-ammonium hydrogen phosphate and TiO 2 (rutile) were purchased from E. Merck, Germany while ZnO (purity 99%) was obtained from BDH, England. All the chemicals were used without further purification. Eggshells which are the agro-waste were collected from local restaurants and cleaned properly with plenty of water. Textile effluent was collected from a textile industry located in Gazipur, Dhaka, Bangladesh and prior to degradation study the effluent was diluted 50 times with water. All the necessary solutions were prepared using distilled water.
Preparation of biomaterial (HAp-TiO 2 -ZnO) composite
Biomaterial based photocatalytic composite (HAp-TiO 2 -ZnO) was prepared using a simple solid-state method where at first requisite amounts of eggshell and di-ammonium hydrogen phosphate were mixed in a ball mill (Model: MSK-SFM-1 QM 3SP2) at a rotation speed of 2400 rpm. Then 1% of each semiconductor oxides (TiO 2 and ZnO) were added to the mixture with respect to CaCO 3 present in eggshell and the ball mill operation was continued for 6 hours maintaining the same rotation speed. Completion of this step yielded the mixture as fine powder which was then sintered at 900°C for 30 minutes in an electrical muffle furnace. The desired phases of this hybrid composite was ensured by XRD, FTIR and EDX techniques as described previously (Alim 2016) . Fig. 2 shows the photograph of the prepared composite.
Treatment of MB using HAp-TiO 2 -ZnO composite under illumination (indoor and outdoor)
To investigate the photodegradation efficiency of the HAp-TiO 2 -ZnO composite halogen lamp (500W) was used to facilitate indoor illumination while sunlight was the source of outdoor UV light. The degradation profile was explored considering several factors, e.g.: (i) initial dye concentration (10.0x10 -6 , 12.5x10 -6 , 15.0x10 -6 , 17.5x10 -6 and 20.0x10 -6 M); (ii) illumination span (maintaining 15 min. interval); (iii) dose of photocatalyst (0.25, 0.50 and 0.75 g); (iv) pH (2.05, 4.14, 6.02, 8.03, 10.04, 12.00) of targeted dye solution as adjusted either by HCl or NaOH. Experimental protocol was similar to our previous approach (Ahmed et al. 2011; Kabir et al. 2012 ). However, briefly, 100 mL of MB solution with requisite amount of photocatalyst was introduced in the batch reactor (made of pyrex) and exposed to illumination. An IR filter filled with distilled water was used to concise the wavelength between 200-800 nm. Moreover, such arrangement also helped to reduce the overheating of the reactor. Illumination was continued for 3 hours but after regular time intervals (15 min.), illuminated MB solution was centrifuged to get clear solution and then absorbance was recorded at 664 nm using UV-vis spectrophotometer (Hitachi UV-Vis double beam spectrophotometer, U-2910). The difference between the absorbance of initial concentration of MB (i.e. without illumination) and absorbance aftert time illumination provided the % of photodegradation which ultimately disclosed the efficiency of the composite. Following equation (Buazar et al. 2015; Ahmed et al. 2011) was used to calculate the % of degradation.
where, A 0 = initial absorbance, A t = absorbance at time t
The schematic diagrams of the degradation experiments for both the halogen lamp and sunlight are shown in Fig. 3 .
A light meter (CEM DT-1308) was used to measure the intensity of irradiation sources and was found to be within the range of 10.4-10.7 klx and 39.5-42.0 klx for halogen lamp and sunlight respectively.
Treatment of real textile effluent using halogen lamp and sunlight
In order to treat textile effluents using HAp-TiO 2 -ZnO composite 100 mL of 50 times diluted textile effluent together with 0.5g catalyst was placed in the pyrex reactor and illumination was provided for 120 minutes using halogen lamp and sunlight.The illuminated effluents were analyzed periodically at 30-minute interval following the same procedure as described in the previous section.
Results and discussion

Treatment of MB using HAp-TiO 2 -ZnO composite without UV illumination
Prior to the photodegradation study, 10x10 -6 M MB solution (monomer form) in aqueous medium was treated at ambient temperature using HAp-TiO 2 -ZnO composite but no UV illumination was facilitated. The ratio of HAp-TiO 2 -ZnO composite and MB solution was 0.5 g/100 mL.After regular time intervals (30 mins.), the absorption maxima of MB monomer was monitored at λ max 664 nm (Mills and Wang, 1999 ) and a slight change in MB concentration was observed after 15 hrs (as shown in Fig. 4 ) which revealed that no degradation but adsorption (~17%) is occurred without UV illumination.This adsorption phenomenon was further validated through comparing a parallel experimental data in the dark without using HAp-TiO 2 -ZnO composite which showed no change in MB concentration i.e. no degradation occurred without catalyst as well as without photo excitation.
Photodegradation study of MB irradiating with halogen lamp (i) Effect of initial MB concentration
Given in Fig. 5 is the photodegradation of MB where initial dye concentration was varied (10.0x10 -6 ,12.5x10 -6 , 15.0x10 -6 , 17.5x10 -6 and 20.0x10 -6 M) but illumination time (30 min.) and dose of photocatalyst was fixed (0.5g/100mL). Clearly, the Fig. 5 shows that the highest degradation (51%) was achieved in case of lowest initial MB concentration while this percentage was drastically reduced (30%) for higher MB concentration. Such observation was in line with earlier observations (Anas et al., 2015; Byrappa et al., 2006) . The initial concentration plays a key role in expediting degradation process since, higher the dye concentration more and more organic particles are absorbed on the photocatalyst surface. On the other hand since illumination is also provided for a fixed time with a constant intensity effect, the numbers of · OH and O 2 2-· species formed on the surface are also constant. Hence the availability of these active species becomes insufficient to attack more and more MB molecules for (
ii) Effect of irradiation time
The photodegradation performance of HAp-TiO 2 -ZnO composite as a function of illumination time is shown in Fig.  6 . The initial concentration of MB was 10.0×10 -6 M while the dosage of the composite was 0.5g/100mL. It is clearly evident from Fig. 6 that irradiation span is an important aspect of photodegradation phenomenon. The intensity of degradation become more prominent with time and almost complete discoloration of the MB (~97%) was achieved after 105 minutes of irradiation. This is because the degradation process mediated by photocatalyst usually occurs on the surface of the catalyst where •OH and O 2 2-• radicals exist to initiate photocatalytic degradation. The formation of these radicals upturns with irradiation time and as a result more active sites take part in the degradation reaction. As a result the dye is completely degraded in the course of illumination time. Such degradation trend satisfies previous observation of Murugesan et al. (2002) .
(iii) Effect of photocatalyst dose
Keeping initial MB concentration (10×10 -6 M) and irradiation time (105 min.) constant, the efficiency of HAp-TiO 2 -ZnO composite in destructing MB was also examined as a function of photocatalyst dose (0.25, 0.50 and 0.75 g/100 mL MB) and the respective degradation profile is depicted in Fig. 7 . Clearly, the increase in the amount of catalyst speed up the degradation percentage and initially a sharp change in degradation pattern was observed. The photodegradation percentage was almost equal for the 0.5g and 0.75g photocatalytic composite under the present experimental condition. The maximum percentage of photodegradation was nearly about 97%. This is because when the amount of photocatalyst was increased from 0.25g to 0.50g, more active sites became available to trigger the degradation process which eventually increased degradation percentage.
(iv) Effect of pH of substrate (MB) solution
The pH is a multifarious factor since it is associated to the ionization state of the surface as well as to that of reactants and products. Usually, pH plays an important role in the characteristics of dye and is one of the most important parameters that influence the photodegradation processes. Fig. 8 represents the degradation of MB with pH. Nevertheless, from this graph it is evident that, after 105 minutes of illumination, the magnitude of degradation in highly acidic medium was lowest and it worked well when pH scale was in basic direction. Such phenomenon is interconnected with the surface-charge properties of the photocatalyst. At higher pH, excess of OH available, which accelerates photogeneration of hydroxyl radicals and as a result degradation efficacy increases (Chakrabarti et al., 2004; Chu et al., 2007) .
Photodegradation study of MB irradiating with sunlight
Since the intensity of illumination source greatly affects the photo-mineralization process, the efficacy of the composite was further examined through monitoring the degradation of MB under sunlight. Both spectral and graphical (inset) representations (Fig. 9) showed thatin this case,more than 96% photodegradation was completed within 30 min. and 99% degradation was accomplished by 120 min. In this case, degradation rate was higher than that of halogen lamp irradiation. This is because the overall energy input to a photocatalytic process is reliant on the intensity of illumination source (Ahmed et al., 2011) . Therefore enhanced intensity of sunlight accelerated the degradation of MB.
Photodegradation of real textile effluent under halogen lamp and sunlight
The degradation data of textile effluent as tabulated in Table  I revealed that though it was possible to degrade the textile effluent to some extent by illuminating through halogen lamp and sunlight but again the success rate did not exceed 50%. The plausible reason for such response might be the complex nature of the real effluent which needs further investigation.
Conclusion
It was found from this investigation that HAp-TiO 2 -ZnO composite is capable to degrade methylene blue dye following an efficient manner. The reaction was optimized by considering several parameters e.g.: (i) initial dye concentration; (ii) illumination span; (iii) dose of photocatalyst; and (iv) pH of targeted dye solution.The efficiency was higher at the sunlight compared to halogen lamp. Under halogen lamp 0.5g of composite completely degrade 100 mL of 10×10 -6 M MB solution within 90 min. whereas it only took 30 min. in the presence of sunlight. Photodegradation of textile effluent using HAp-TiO 2 -ZnO photocatalytic composite was comparatively lower than the photodegradation of methylene blue. The reason behind this might be the multifarious mixture form of the unknown textile effluent which hinders the active sites of the photocatalytic composite to be active enough to trigger the degradation reaction effectively. However, the end product formed as a result of photodegradation or decolorization of the effluent is also unknown in this case. Therefore, further experimental approaches arc necessary to detect the photodegradation product. 
